Fluconazole in vitro susceptibility test results for 140,767 yeasts were collected from 127 participating investigators in 39 countries from June 1997 through December 2003. Data were collected on 79,343 yeast isolates tested with voriconazole from 2001 through 2003. All investigators tested clinical yeast isolates by the CLSI (formerly NCCLS) M44-A disk diffusion method. Test plates were automatically read and results were recorded with the BIOMIC Vision Image Analysis System. Species, drug, zone diameter, susceptibility category, and quality control results were collected quarterly via e-mail for analysis. Duplicate (the same patient, same species, and same susceptible-resistant biotype profile during any 7-day period) and uncontrolled test results were not analyzed. The 10 most common species of yeasts all showed less resistance to voriconazole than to fluconazole. Candida krusei showed the largest difference, with over 70% resistance to fluconazole and less than 8% to voriconazole. All species of yeasts tested were more susceptible to voriconazole than to fluconazole, assuming proposed interpretive breakpoints of >17 mm (susceptible) and <13 mm (resistant) for voriconazole. MICs reported in this study were determined from the zone diameter in millimeters from the continuous agar gradient around each disk, which was calibrated with MICs determined from the standard CLSI M27-A2 broth dilution method by balanced-weight regression analysis. The results from this investigation demonstrate the broad spectrum of the azoles for most of the opportunistic yeast pathogens but also highlight several areas where resistance may be progressing and/or where previously rare species may be "emerging." Organisms and test sites. A total of 134,715 isolates of Candida spp. and 6,052 isolates of noncandidal yeasts obtained from 127 different medical centers in Asia (23 sites), Latin America (16 sites), Europe (74 sites), the Middle East (2 sites), and North America (12 sites) were collected and tested against fluconazole between June 1997 and December 2003. In addition, a total of 79,343 isolates (75,810 isolates of Candida spp. and 3,533 other yeasts) from 115 study sites in 35 countries were tested against voriconazole between 2001 and 2003. All yeasts considered pathogens from all body sites (e.g., blood, normally sterile body fluids, deep tissue, genital tract, gastrointestinal tract, respiratory tract, skin, and soft tissue) and isolates from patients in all in-hospital locations during the study period were tested. Yeasts considered by the local site investigator to be colonizers, that is, not associated with an obvious pathology, were excluded, as were duplicate isolates from a given patient (the same species and the same susceptible-resistant biotype profile within any 7-day period). Identification of isolates was performed in accordance with each site's routine methods.
Antifungal resistance surveillance with a focus on Candida is now widespread (5, 10, 17, 20, 29, 32) . Most of these surveillance efforts are by necessity limited in terms of the numbers of participating sentinel sites and isolates tested. Furthermore, none of the programs is extensive enough to provide temporal and geographic data concerning the occurrence and resistance profiles of the less common Candida species and other, noncandidal opportunistic yeasts (21) .
The ARTEMIS Global Antifungal Surveillance Program is among the most comprehensive and long-running fungal surveillance programs (6, 12, 17, 19, 22, 24, 25, 27) . The ARTEMIS Program is made up of two components: (i) a broad international network of participating sites (127 sites in 39 countries), each of which performs Clinical and Laboratory Standards Institute (CLSI, formerly National Committee for Clinical and Laboratory Standards [NCCLS])-recommended disk diffusion testing (M44-A) (14) of fluconazole and voriconazole against consecutive yeast isolates from a variety of clinical sources (ARTEMIS DISK Surveillance Study) (6) , and (ii) a central reference laboratory (University of Iowa, Iowa City), where CLSI-recommended broth microdilution (BMD) MIC and disk diffusion testing (M27-A2 and M44-A, respectively) (13, 14) is performed on blood and normally sterile-site isolates of Candida and other opportunistic yeasts and molds that are referred according to protocol from the participating ARTEMIS study sites (19, 22, 24, 25, 27) . As such, the ARTEMIS Program has been designed to address many of the potential limitations of resistance surveillance studies (7) : (i) it is both longitudinal (1997 to present) and global (127 participating sites in 39 countries) in scope, (ii) it employs standardized antifungal susceptibility test methods (CLSI disk [M44-A] and BMD MIC [M27-A2]) (13, 14) , (iii) both internal quality control (QC) performed in each participating laboratory and external quality assurance measures are used to validate test results (25, 27) , (iv) results are recorded electronically using the BIOMIC image analysis plate reader system (Giles Scientific, Santa Barbara, Calif.) (6, 19, 25, 27) and are stored in a central database, and (v) both Candida and non-Candida yeast isolates obtained from consecutive clinical samples from all body sites are tested locally, thus avoiding misleading results based on biased selective testing. This so-called "routine" testing is augmented by testing of isolates from blood and normally sterile sites in the central reference laboratory (25, 27) . Thus, the ARTEMIS Program generates massive amounts of data that have been externally validated and that can be used to identify temporal and geographic trends in the species distribution of Candida and other opportunistic yeasts, as well as the resistance profiles of these organisms to fluconazole and voriconazole as determined by standardized CLSI disk diffusion testing.
In the present study, we utilized the results from the ARTEMIS DISK Surveillance Program to evaluate global trends in the susceptibility of yeasts to fluconazole over a 6.5-year period (140,767 isolates from 127 study sites in 39 countries; June 1997 through December 2003). We also report results of voriconazole susceptibility testing performed on 79,343 isolates collected from 2001 to 2003. The scope of this study provides an unprecedented look at the occurrence and azole susceptibilities of several rare species of Candida, as well as several of the other opportunistic yeasts. The study is limited in that the numbers of isolates from certain regions are small and the time frame over which voriconazole data are available is relatively short. species, such as C. rugosa, C. inconspicua, and C. norvegensis, to fluconazole (5, 15, 16, 18, 21, 23) .
Voriconazole was significantly more active than fluconazole against virtually every species, with the exception of C. tropicalis (89.1% S to fluconazole versus 87.1% S to voriconazole) ( Table 2) . Among the species with decreased susceptibility to fluconazole, more than 80% were susceptible to voriconazole, including C. glabrata (81.7% S), C. krusei (83.2% S), C. guilliermondii (91.2% S), C. famata (89.5% S), C. inconspicua (89.2% S), and C. norvegensis (92.3% S). Among the fluconazole-resistant (zone diameter, Յ14 mm) isolates of C. glabrata, ϳ30% remained susceptible (zone diameter, Ն17 mm) to voriconazole; however, all voriconazole-resistant strains were also resistant to fluconazole (reference 22 and data not shown). Although voriconazole was more active than fluconazole against C. rugosa (61.4% S versus 39.3% S, respectively), C. lipolytica (67.3% S versus 54.7% S, respectively), and C. zeylanoides (74.3% S versus 54.1% S, respectively), these species were markedly less susceptible and more resistant (11.4% to 26.4%) to voriconazole than all other species of Candida. Again, these data confirm and extend previous observations, especially with the less common species of Candida (18, 20, 23, 24) . Importantly, it is readily apparent from these data that although some degree of cross-resistance may be seen between fluconazole and voriconazole, it varies by species and should not be assumed in the absence of species identification and susceptibility testing results. Trends in resistance to fluconazole among Candida spp. over a 6.5-year period. The longitudinal nature of the ARTEMIS DISK Surveillance Program allows one to examine trends in fluconazole resistance among clinical isolates of Candida spp. with the important advantage of sufficient numbers of isolates of each species, all tested by a single standardized method ( Table 3 ). Among the 10 species listed in Table 3 , no consistent increase or decrease in fluconazole resistance was seen over time with C. albicans (range, 0.8% to 1.5%) or C. glabrata (range, 14.3% to 22.8%). Although resistance among C. tropicalis isolates appeared to decline from 1997-1998 (4.2%) thru 2001 (3.0%), increases were seen in 2002 (6.6%) and 2003 (5.0%). A slight increase in resistance was noted over time among C. parapsilosis and C. kefyr, whereas a major increase in resistance was detected among isolates of C. rugosa, where 61.2 to 66.0% resistance was observed in the last 2 years of data collection. In contrast, following a peak of 26.1% R in 2000, resistance among isolates of C. guilliermondii decreased steadily between 2001 (11.7% R) and 2003 (8.1% R). Although C. famata appeared to be quite resistant to fluconazole in 1997 and 1998 (47.4% of 19 isolates), this was likely due to the small number of isolates tested. As the numbers of C. famata isolates increased to Ͼ50 per year over the next 5 years, the level of resistance stabilized at 10 to 12%. Despite the increase in the overall percentage of isolates of C. krusei that tested as resistant to fluconazole, this is not an important finding, as the species must be considered to be clinically resistant to fluconazole. The CLSI recommends that C. krusei not be tested against fluconazole (13, 14) . All such isolates should be reported as fluconazole resistant.
Trends in resistance to voriconazole among Candida spp., 2001 to 2003. Voriconazole has been used clinically since 2001 and since that time has been tested against Candida in the ARTEMIS Global Surveillance Program (Table 4 ). Overall, there has been a slight increase in the percentage of Candida isolates that appear to be resistant (zone diameter, Յ13 mm) to voriconazole, from 2.6% in 2001 to 3.5% in 2003. This may be accounted for by increases in resistance observed with C. glabrata (9.8% to 11.0%), C. tropicalis (4.7% to 7.0%), C. rugosa (3.1 to 38.0%), C. lipolytica (7.7% to 12.0%), and un- 16 .5% in Europe, and 18.0% in North America (data not shown). These rates of fluconazole resistance are considerably higher for each geographic region than those reported previously for blood and normally sterilesite infection isolates of C. glabrata (range, 2 to 9% R) tested by BMD between 1992 and 2000 (20) .
In contrast to that seen with C. albicans, the susceptibility of C. glabrata isolates to fluconazole varied according to specimen type and hospital location. Isolates from blood and normally sterile sites were the most susceptible (71% S; 14.8% R) and genital tract isolates were the least susceptible (53.6% S; 21.2% R) to fluconazole (data not shown). The highest rates of resistance were seen in isolates of C. glabrata from the surgical intensive-care unit (21.3%), the obstetrics and gynecology service (21.5%), the hematology/oncology service (22.6%), and the neonatal intensive-care unit (35.0%) (data not shown).
Voriconazole was equally or more active than fluconazole against C. glabrata isolates from all countries and geographic regions ( Table 5 ). Susceptibilities to voriconazole were lowest (Ͻ70%) in Venezuela (32.7% S), Belgium (53.2% S), Malaysia (59.5% S), the Czech Republic (65.3% S), and Ecuador (66.7% S) and highest (Ͼ90%) in India, Turkey and the Middle East (100% S), Brazil (96.8% S), Canada (95.7% S), Greece (95.5%), Thailand (92.5%), and Portugal (90.0%). Overall rates of resistance to voriconazole among C. glabrata isolates were 4.1% in the Asia-Pacific region, 5.4% in Latin America, 5.6% in Europe, and 9.0% in North America (data not shown). Our previous results using BMD MIC testing found resistance rates of 2.2 to 5.4% among blood and normally sterile-site isolates of C. glabrata tested in 2001 and 2002 (22) . Similar to that seen with C. albicans, there was little variation in the susceptibility of C. glabrata to voriconazole when stratified by specimen type. Isolates from blood and normally sterile sites were the most susceptible (81%) and genital tract isolates were the least susceptible (70%) to voriconazole (data not shown). The rates of resistance to voriconazole ranged from 2.5% (neonatal intensive-care unit) to 8.2% (hematology/oncology service) across the different hospital locations.
Activities of fluconazole and voriconazole against other opportunistic yeasts and yeast-like fungi. Although they comprise only 3 to 5% of all of the isolates tested in this study, the number of noncandidal yeasts tested against fluconazole and voriconazole exceeds that published in the current literature (1, 3, 21, 26) . Lack of standardized methods for testing most of these fungi may be considered problematic; however, the vast majority grew well on the MH-MB agar plates, and the zone diameters were easily determined. For the purposes of this study, we utilized the interpretive breakpoints for Candida, and we recognize that they may be adjusted for noncandidal yeasts in the future. Nevertheless, the data generated for these organisms are not dissimilar to those obtained using CLSI BMD MIC methods (1, 3, 21, 26) . Using Cryptococcus neoformans as an example, the susceptibilities of the isolates shown in Table 6 indicated moderate susceptibility to fluconazole and a very high level of activity for voriconazole. Very similar findings for these two agents using BMD MIC methods were (26) . As noted previously (21) , most of these noncandidal yeasts were substantially less susceptible to both fluconazole and voriconazole than Candida species. Although voriconazole was more active than fluconazole for each of these different genera, it is notable that less than 80% of Trichosporon beigelii/Trichosporon cutaneum, Trichosporon asahi, and Rhodotorula spp. were susceptible to either of these agents. The diverse array of opportunistic yeasts and yeast-like fungi and their variable susceptibilities to these azole antifungals emphasize the need for prompt identification of noncandidal yeasts from clinical material. The flexibility of the CLSI disk diffusion method may well be an advantage in assessing the antifungal susceptibilities of these "emerging" pathogens. Conversion of zone diameters to MICs. In addition to using image analysis technology to measure and record the zones of inhibition surrounding an antifungal disk, the BIOMIC system uses previously developed scatter plots and regression analysis to calculate MICs based on the relationship between the zone diameter and the MIC (Fig. 2) . The data in Fig. 2 show the correlation between the MIC and the zone diameter for voriconazole with Candida spp. As seen previously with fluconazole (6, 19, 25) , an excellent correlation was observed. Based on these data, the voriconazole MICs for Candida spp. were calculated and the data were compared to BMD MICs published previously (24) for the same species (Table 7) . Although the numbers of isolates tested are considerably different in the two groups, it is readily apparent that the MIC 50 and MIC 90 values are very close for each species, as is the percent resistant. Thus, the large amount of qualitative disk diffusion data presented here can be converted to quantitative MIC data for purposes of comparing the activities of fluconazole and voriconazole for individual species (Fig. 3) or potentially for following trends across time. Additional work in this area is warranted.
DISCUSSION
The ARTEMIS Global Antifungal Surveillance Program is the largest and most comprehensive program of its kind and the only one to incorporate many of the features that arguably constitute an "ideal" resistance surveillance program (7-9, 11, 30) . It is longitudinal and global, employs standardized methods used for "routine" testing in participating laboratories and for "reference" testing in a central reference laboratory, uses electronic data capture and storage in a central database, and conducts external validation of the data generated by participating laboratories. The current report from the ARTEMIS DISK Surveillance Study includes more than 140,000 opportunistic yeast isolates and is by far the largest and most geographically diverse study of antifungal susceptibility and resistance to date (5, 15, 16, 20, 28) . Important findings regarding species distribution include a steady decrease in the isolation of C. albicans and an increase in the isolation of C. tropicalis and C. parapsilosis. Although they are still rare, it appears that C. rugosa, C. famata, C. inconspicua, and C. norvegensis may be "emerging" in recent years. Among the noncandidal yeasts, Cryptococcus neoformans, Saccharomyces, Trichosporon, and Rhodotorula species are prominent and may prove to be important due to their decreased susceptibilities to several antifungal agents (21) .
Despite the use of a standard protocol, it is recognized that any surveillance program based on susceptibility tests performed by the participating laboratories needs to include some measure of quality assurance, beyond simple QC testing, in order to provide an independent assessment of laboratory performance and validation of the results generated by the various laboratories (7, 9, 31) . One approach to cross-validation that has been suggested is to use centralized testing with highquality microbiology to confirm the trends in routine data obtained from participating sentinel sites (7-9, 11, 30) . Comparison of results obtained for isolates tested in participating laboratories with results obtained for the same organisms tested in a central reference laboratory would accomplish this goal (8, 9) . This approach has been used to validate and support the epidemiologic relevance of findings from antibacterial surveillance programs (9, 30) . Most recently, we have used the same approach to validate fluconazole and voriconazole disk test results generated by laboratories participating in the ARTEMIS Program (25, 27) . More than 2,900 isolates of Candida obtained from blood and normally sterile-site infections were tested against fluconazole and voriconazole by ARTEMIS participating laboratories (CLSI disk test) and by the central reference laboratory (CLSI disk and BMD MIC tests) (25, 27) . Categorical agreement between the reference MIC results and the disk diffusion test results performed in the participant laboratories was 87.4% and 94.1% for fluconazole and voriconazole, respectively (Table 8) . A similar level of agreement was seen when the disk test results obtained in the reference laboratory were compared with those from the participant laboratories (references 25 and 27 and data not shown). It was noted that participating laboratories tended to err on the side of calling isolates more resistant than the reference laboratory did; however, the numbers of major and very major discrepancies were quite small ( Table 8 ). This external quality assurance data, coupled with excellent QC performance, ensures the generation of accurate and useful surveillance data in the ARTEMIS DISK Surveillance Program. The data reported here for the more common species of Candida (i.e., C. albicans, C. glabrata, C. parapsilosis, and C. tropicalis) confirm most of the previously published data regarding their susceptibilities to fluconazole and voriconazole (5, 16, 20, 24) . The activity of fluconazole remains high against C. albicans, C. parapsilosis, and C. tropicalis, although resistance may be increasing among C. tropicalis isolates. Flucon- azole resistance was considerable among isolates of C. glabrata, although the extent of resistance varied widely throughout the world. Fortunately, voriconazole remains quite active against this species. It is notable, however, that resistance to voriconazole has increased among C. glabrata isolates over the 3-year period of this study and was quite high in certain countries, such as Belgium (18.5%) and Venezuela (38.8%), where fluconazole resistance was also widespread. Again, our previous studies have shown that compared to reference laboratory testing of C. glabrata by MIC and disk methods, the fluconazole and voriconazole disk test results reported by ARTEMIS participating sites tended to overestimate resistance (25, 27) . Thus, the rates of resistance to fluconazole and voriconazole reported in this study for C. glabrata may be somewhat higher than previously reported in the literature. Nevertheless, the geographical and temporal comparisons and differences remain important.
The ARTEMIS database is most valuable as it pertains to the less common species of Candida ( Table 2 ). The excellent activity of voriconazole against C. krusei was confirmed by the results from almost 2,000 clinical isolates. Similarly, the high levels of activity of both azoles against C. lusitaniae, C. kefyr, C. dubliniensis, and C. pelliculosa were clearly demonstrated, confirming previous results based on comparatively few isolates (21, 23) . Equally important was the demonstration of generally poor activities of fluconazole against C. guilliermondii, C. rugosa, C. famata, C. inconspicua, C. norvegensis, C. lipolytica, and C. zeylanoides. In most instances, these findings confirm what can only be called preliminary observations (21) ; however, for some of these species, these constitute new data and serve to underscore the imperative to identify Candida to the species level. Although voriconazole is active against the vast majority of these rare species, it is notable that decreased susceptibility to this agent, as well as to fluconazole, is seen with C. rugosa, C. lipolytica, and C. zeylanoides. These findings are especially important for C. rugosa, as the frequency of isolation of this species appears to be increasing over time (Table 1) , it has been shown to cause clusters of nosocomial infection that are poorly responsive to amphotericin B (2, 4), and it was previously considered highly susceptible to voriconazole based on results for less than 20 clinical isolates (21) .
As is the case for the less common Candida species, new information for noncandidal yeasts is provided by this data set. Although the antifungal susceptibility profile of Cryptococcus neoformans is well known (1, 26) , much less is known of the susceptibilities of Saccharomyces, Trichosporon, Rhodotorula, and Blastoschizomyces species to fluconazole and voriconazole (3, 21, 33) . The results presented in Table 6 indicate that most of these opportunistic yeasts have decreased susceptibility to fluconazole, and although voriconazole is clearly more active than fluconazole, decreased susceptibility to that agent is also seen with certain species of Trichosporon and with Rhodotorula spp. The fact that these yeast-like fungi are also nonsusceptible to the echinocandins (they lack ␤-1,3-D-glucan) and respond variably to amphotericin B highlights the potential for their emergence as difficult-to-treat mycotic pathogens in the future (21, 33) .
Finally, the ability of the BIOMIC software to convert disk diffusion zone diameters to MICs is an important feature of the ARTEMIS surveillance program, providing quantitative data that will be valuable in trend analysis. We have extended the previous work of Hazen et al. (6) and have shown that the voriconazole MICs calculated from the disk diffusion data for Candida spp. compare very favorably to those obtained by BMD MIC testing performed centrally (Table 7) .
In summary, we present a tremendous volume of data describing temporal and geographic trends in the isolation and azole susceptibilities of opportunistic yeast pathogens. The data point to the strength of azole coverage for most of these organisms but also highlight several areas where resistance may be progressing and/or previously rare species may be "emerging." The strength of the ARTEMIS Global Surveillance Program is in the overall design, incorporating standardized test methods, "routine" and centralized testing of isolates, and a broad international network of study sites providing consistent data over time. The continued efforts of this surveillance program will provide data on pathogen frequency and antifungal susceptibility on a global scale. 
